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Abstract 
The mode dependences of resonance frequencies and quality factors in a PMMA (polymethyl methacrylate) 
cantilever and a PC (Polycarbonate) cantilever at atmospheric pressure are investigated to obtain fundamental data for 
polymer-based VOC (volatile organic compounds) sensors. The PMMA cantilever and the PC cantilever are 
fabricated using hot embossing, bonding and polishing techniques. The resonance frequencies and the quality factors 
are found to vary largely depending on the vibration mode. The measured resonance frequencies correlate well with 
the theory of undamped resonance frequency of a flexural-vibrating cantilever. The measured quality factors varied 
from less than 20 to more than 100 depending on the vibration mode. A higher mode tended to exhibit a higher 
quality factor. The highest quality factor of 100 was obtained on the 4th flexural mode in both the PMMA and PC 
cantilever. 
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1. Introduction 
VOC (volatile organic compounds) sensors are widely used in human healthcare and environmental 
monitoring. It is believed that resonant mass sensors of vibrating cantilevers based on MEMS 
(microelectromechanical systems) technologies can be successfully applied to these applications [1]. The 
fundamental limit to the detection of small mass is governed by the magnitude of the resonance frequency 
and the quality factor of the cantilever. The relationships among the cantilever size, vibration mode, 
resonance frequency and quality factors at atmospheric pressure were extensively investigated for silicon 
[2]. However, silicon cantilevers always have the drawback of a high cost process, which limits practical 
use. Therefore, we have developed a polymer cantilever for VOC sensors. We fabricated the PMMA 
Available online at www.sciencedirect.com
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Symposium Cracoviense 
Sp. z.o.o. Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
379 N Shiraishi et al. /  Procedia Engineering  47 ( 2012 )  378 – 381 
(polymethyl methacrylate) cantilever and the PC (Polycarbonate) cantilever using hot embossing, 
bonding and polishing techniques. We measured the resonance frequencies and quality factors of the 
PMMA cantilever and the PC cantilever up to 4th flexural vibration modes at atmospheric pressure and 
analyzed these measured values. 
2. Fabrication and Measurement  
2.1. Fabrication 
Figure 1 (a) shows the schematic of a cantilever chip.The three-step micro-fabrication process is 
illustrated from Fig.1 (b) to 2(d). First, the device layer and substrate were formed using hot embossing 
(Fig.1 (b)). Then, device layer was bonded to the substrate in which a cavity had been formed (Fig.1 (c)). 
Finally, the back layer of the hot embossed device layer, which remained after hot embossing process, 
was removed using a polishing process to release the movable cantilever (Fig.1 (d)). PMMA material of 
the cantilever chip is CLAREX (Nitto Jushi Kogyo Co., Ltd.) and PC material is PC-1000 (SEKISUI 
SEIKEI Co., Ltd). 
The entire image of the processed PMMA cantilever chip is shown in Fig.2 (a). The PMMA
cantilever chip size was 5mm×5mm and the cavity depth was 500μm. The PC cantilever chip has the 
similar dimensions. Fig.2 (b), (c) show a micrograph of the processed PMMA cantileverand the PC 
cantilever that were used for the evaluation of the flexural mode dependences of resonant frequencies and 
quality factors used in this paper. The PMMA cantilever length was 498.5μm, width was 100.8μm and 
thickness was 12.1μm The PC cantilever length was 495.8μm, width was 99.4μm and thickness was 
15.2μm 
2.2. Measurement 
The cantilever chip was set onto a piezoelectric vibration plate (φ 20 mm × 0.5 mm). The vibration 
velocity of the cantilever tip was measured using a laser Doppler vibrometer (MLD-221D-SIM, 
NOEARK Co.) at atmospheric pressure and room temperature. The frequency response was measured 
and analyzed using a network analyzer (4395A, Agilent Technologies, Inc.). The maximum frequency of 
our measurement system was 1.5 MHz. We calculated the quality factor from the bandwidth at peak 
minus 3 dB in the power spectrum. 
 
 
 
Fig. 1. Schematic of cantilever chip and fabrication process 
380   N Shiraishi et al. /  Procedia Engineering  47 ( 2012 )  378 – 381 
 
 
 
Fig. 2. (a) The entire image of the processed PMMAcantilever chip; (b) micrograph of the PMMA cantilever; (c) PC cantilever 
3. Results and Discussion 
3.1. Resonance Frequency 
The undamped resonance frequency of a flexural-vibrating cantilever with length L and thickness T is 
calculated [3] to be, 
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where Nn is a constant for the nth-order vibration mode of resonance. The coefficient of flexural 
vibration mode for the cantilever beam was N1  =1.875, N2  =4.694, N3  =7.855 and N4  =10.996. Young’s 
modulus of PMMA Ep was 2.90 GPa and density of PMMA Up was 1.20 × 103 kg/m3. Young’s modulus 
of PC Ec was 2.25 GPa and density of PC Uc was 1.2 × 103 kg/m3. The measured resonance frequencies of 
the PMMA and PC cantilevers up to 4th flexural vibration modes are shown in Fig.3 (a). The measured 
resonance frequencies correlate well with theory, Eq. (1). 
 
 
 
Fig. 3. (a) The measured resonance frequencies; (b) the measured quality factors 
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3.2. Quality Factor 
The measured quality factors of the PMMA and PC cantilevers up to 4th flexural vibration modes are 
shown in Fig.3 (b). The measured quality factors depend on the vibration mode. A higher mode tended to 
exhibit a higher quality factor. The quality factor varied widely from 20 to more than 100. It is thought 
that both the PMMA cantilever and the PC cantilever are acceptable as VOC sensors because the highest 
quality factors of more than 100 were obtained on the 4th flexural mode. 
 
4. Conclusions 
We have developed a PMMA (polymethyl methacrylate) cantilever and a PC (Polycarbonate) 
cantilever using a three-step micro-fabrication process. We measured the resonance frequencies and 
quality factors of the PMMA cantilever and the PC cantilever up to 4th flexural vibration modes at 
atmospheric pressure. The measured resonant frequencies correlate well with the theory of undamped 
resonance frequency of a flexural-vibrating cantilever. The measured quality factors are dependent on the 
vibration mode. A higher mode tended to exhibit a higher quality factor.  
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